WHAT'S KNOWN ON THIS SUBJECT: Percentile charts for birth weight are used to assess the somatic development of neonates (small, appropriate, or large for gestational age).
Newborn classification according to birth weight is used to identify small and large for gestational age (SGA and LGA, respectively) infants because such infants are at a higher risk for postnatal complications. The 10th and 90th percentiles are used as cutoff values for SGA and LGA classification, which implies that the clinically observed SGA and LGA rates should each be ∼10%. However, in practice, we have observed an SGA rate .10% and an LGA rate ,10%. Similarly, a recent neonatal survey reported an SGA rate of 16.1%. 1 A systematic error may explain this variation in SGA and LGA rates. Percentile values of birth weight for gestational age are calculated for completed weeks. We observed that, instead of plotting these weekly average percentile values for birth weight at the mean gestational age for the completed week in question, values are commonly plotted at the start of the week (Fig 1) . This leads to curves that are shifted leftward along the x-axis (gestational age). Thus, the cutoff values are higher, leading to increased rates of SGA and lower rates of LGA neonates.
We aimed, first, to analyze how common this systematic error in the plotting of birth weight percentile values is and, second,to assess its effecton the SGA and LGA classification of newborns based on data from the German perinatal survey.
METHODS

Literature Search
Medline (via Ovid), PubMed, and Web of Science were searched for full-text articles published between January 1995 and November 2011 by using the search terms "birth weight percentile," "birth weight chart," "growth chart," and "growth standard." The references of the retrieved articles were screened for further relevant papers; publications citing the retrieved articles were also assessed (for the Web of Science search). Publications written in English or German that presented birth weight percentile values according to gestational age were included. For inclusion, papers needed to report on infants born in 1980 or later. The publications also needed to present the data in both numerical form and chart form. Alternatively, it was also acceptable if numerical values and charts for the same data set could be obtained from separate publications.
In these papers, the methods used to plot the birth weight percentile values were examined. The systematic error was considered to be present when the birth weight percentile values from the numerical data were not plotted at the average gestational age of each completed week but rather at the beginning of the week.
Analysis Based on Data From the German Perinatal Survey
Day-specific birth weight data of 1 181 200 male singleton infants with gestational ages of 25 to 42 completed weeks were obtained from the German perinatal survey of 1995-1997 (when all German federal states except Baden-Württemberg had kindly contributed data to our database) and of 1998-2000 (when the following German federal states had contributed data: Bavaria, Brandenburg, Hamburg, Lower Saxony, Mecklenburg-Western Pomerania, Saxony, Saxony-Anhalt, and Thuringia).
Weekly mean values for each completed week of gestation were calculated from the day-specific birth weight data. Percentiles (10th, 50th, and 90th) were then computed with the SPSS EXAMINE command by using the HAVERAGE distribution function (SPSS Inc, Chicago, IL). Percentile curves were constructed by using the calculated mean birth weight percentile values for each completed week as the y-coordinate and as the x-coordinate (Fig 2) , the following: scenario 1, the mean gestational age (for that week of gestation); or scenario 2, the start of the completed week of gestation in question.
For these 2 scenarios, percentile values specified by the day were computed from the weekly data for the 10th, 50th, and 90th percentiles of birth weight. Calculations were performed for the age range 25 weeks + 0 days (175 days) to 42 weeks + 6 days (300 days) by using the cubic spline method. The sample infant population from the German perinatal survey was then classified by computing day-specific 10th and 90th percentile values generated for the aforementioned scenarios. For an assessment of the effect of the plotting error, SGA and LGA rates obtained by using the 10th and 90th percentile values generated by using the 2 scenarios were compared. The differences in birth weight between the percentiles that were generated by using scenarios 1 and 2 were then calculated for each week of gestation.
RESULTS
Literature Search
The search generated 832 Medline (via Ovid), 868 PubMed, and 59 Web of Science hits. Sixteen publications met our inclusion criteria. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The plotting error was identified in 14 of these 16 publications. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Analysis Based on Data From the German Perinatal Survey
In this simulation, percentile curves of birth weight for gestational age with the systematic plotting error were shifted leftward compared with the percentile curves constructed "correctly" with the mean weekly birth weight plotted at the mean gestational age for each completed week. The average leftward shift of the percentile curves was 0.43 weeks (∼3 days).
Newborn classification using the percentile curves with the systematic plotting error yielded an SGA rate of 12.5% and an LGA rate of 7.7% (Table 1 ). In comparison, when using the curves generated correctly, the SGA rate was 9.7% and the LGA rate was 9.9%. Our analysis therefore revealed that 2.8% of the newborn population who were really appropriate for gestational age were incorrectly classified as SGA and 2.2% of the population who were really LGA were incorrectly classified as appropriate for gestational age.
The 10th, 50th, and 90th percentile curves of birth weight constructed with and without the systematic error differed by up to 139 g ( Table 1) .
DISCUSSION
In the current study, we have identified a systematic plotting error in percentile charts of birth weight for gestational age. In our analysis, plotting weekly percentile values of birth weight at the start of the completed week of gestation resulted in a leftward shift of cutoff values, causing ∼5% of newborns to be misclassified. The percentile curves were displaced to the left by an average of ∼3 days, causing the curves to indicate a higher birth weight reference value for a given age. Leftward shifted percentile curves result in the overestimation of SGA rates and underestimation of LGA rates.
In our simulated birth weight percentile charts, percentile curves that were computed without the systematic error resulted in SGA and LGA rates of 9.7% and 9.9%, respectively, and were close to the expected 10% rate. The slightly lower than expected rates may be attributed to the definition of SGA and LGA to not include infants whose birth weights fall directly on the computed 10th and 90th percentile curves.
Classifying infants according to their birth weight by using completed weeks of gestation decreases the precision of classification to a weekly period. Voigt et al 17 demonstrated that with percentile values based on weekly data rather than daily data and by using tabulated values (not charts), SGA rates were overestimated and LGA rates were underestimated on the first days of every week. Conversely, SGA rates were underestimated and LGA rates Comparison of percentile value plotting methods. In panels A-C, gray diamonds represent individual birth weight values. A, 10th, 50th, and 90th percentile curves computed from birth weight for gestational age data of male singletons are plotted at the start of each completed week (dotted lines) and at the mean age for that week(solidlines). B,A magnifiedportion ofthe birthweightchart presented inpanelA:(1)representstheleftward shift that isproducedbythedescribed systematic plotting error; and (2) shows the difference in birth weight percentile values at 36 + 0/7 weeks of gestation for the 50th percentiles plotted with and without the systematic error. C, The gray areas represent the ranges of birth weight values in which infants are classified differently with both plotting methods. ARTICLE overestimated on the last days of every week. This is because infants born at the beginning of a week have lower birth weights compared with infants born at the end of the same week. The effect on SGA and LGA rates described there differs from the phenomenon described in the current paper. In the study by Voigt et al, the overestimation and underestimation occurred when tabulated percentile values for completed weeks of gestation were used to classify newborns and were due to using the same average weekly value for every day of the week. This does not occur in plotted growth charts because each day corresponds to a different point on the birth weight percentile curve.
Newborn classification is used in clinical decision-making, rendering the systematic plotting error described here an issue of concern. SGA and LGA infants are at an increased risk for perinatal morbidity, associated health problems (such as neurodevelopmental disorders), and metabolic alterations in later life. Meaningful SGA and LGA classification requires the following: (1) accurate knowledge of gestational age;
(2) accurate measurement at birth of weight, length, or head circumference; and (3) cutoff values based on reference data from a relevant population. 18 Because the described systematic plotting error causes a horizontal shift of the percentiles, the cutoff values for identifying SGA and LGA infants are affected, and newborn classification may be incorrect. Percentile charts used in clinical practice should be examined for the described error to ensure that weekly percentile values are plotted correctly (ie, at the mean gestational age of each completed week).
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